White radish (Raphanus sativus L.) is an edible root vegetable of the Brassicaceae family. It is cultivated and consumed all over the world. Nowadays, radishes are used and eaten by many people in their daily meals. Some studies showed that it has a high content of antioxidant compounds. In this study, we used enzyme -assisted extraction (EAE) to produce an antioxidant -rich extract. The antioxidant activity of the extract was determined by the ABTS radical cation scavenging capacity. The optimal extraction conditions of the antioxidant compounds from white radish were: enzyme concentration of 1.75 % (v/w), extraction time of 81 minutes, pH 4.56 and extraction temperature of 48 o C. As a result, the antioxidant activity of the extract was 0.1594 ± 0.033 m Moltrolox equivalent antioxidant capacity (TEAC)/g and 161 % higher than that of the control sample(CE).Furthermore, SEM (scanning electron microscopy) analysis result showed that there was a difference in the surface structure of white radish powder after being extracted by CE and EAE.
INTRODUCTION
White radish (Raphanus sativusL., family Brassicaceae) is grown mainly for its edible and fleshy root. The root can beaten raw, cooked or preserved in salt. It is a rich source of bioactive molecules including anthocyanins, glucosinolates, isothiocyanates, flavonoids and phenolics. Some previous studies showed that white radish has a high content of antioxidant compounds. The total phenolics content in the freeze -dried juice of Thai radish root was approximately 10.09 mg/g. The scavenging effects of this juice on DPPH radical, superoxide radical and singlet oxygen were 0.64, 4.2 and 1.42 mg/ml, respectively [1] . The substances associated with the antioxidant activity are the flavonoids (quercetin, kaempferol, myricetin, apigenin, luteolin, catechin, rutin) [2] and phenolic acids (caffeic, p-coumaric, ferulic, hydroxycinnamic, phydroxybenzoic, vanillic, syringic and sinapic acid) [3, 4] .
There were many researches on enzyme-assisted extraction (EAE) that might improve the recovery of phenolics and preserve the functional properties. This method has been reported for extracting the phenolics from green tea and citrus peel [5, 6] . The mechanism of EAE is that enzymes have the ability to degrade or disrupt cell walls and membranes, thus it enables better release and more efficient extraction of bioactivities [7] .
The aim of this study is to use cellulase enzyme to extract antioxidant compounds from white radish powder. The antioxidant activity of the extract was demonstrated basing on inhibition capacity of ABTS free radical. The optimal parameters of EAE were determined by RSM and compared with CE.
MATERIALS AND METHODS

Materials
Plant material: Fresh white radish roots were harvested from Duc Trong district, Lam Dong province. Fresh roots were washed, cut into small slices and dried at 50 o C until the moisture content was 6 -7 %. After that, they were ground to powder, sieved through a sifter (40 meshes) and stored in a plastic sealed bag and kept in the dark with a freezer at -20 o C.
Chemicals: cellulase (Celulast1.5L) was derived from Trichodermareesei and manufactured by Novo Nordisk Ferment (Switzerland). It is liquid, brown and slight fermentation odor. Its activity is about 700 EGU/g with a density of 1.22 g/ml. The suitable range of pH and temperature, where active enzyme is stable -typically, is 4 -9 and 45 -55 o C, respectively. The product should be stored with recommended temperature from 0 o C to 25 o C.
Trolox and ABTS were purchased from Sigma-Aldrich. Other chemicals were analytical grade.
Antioxidant extraction process
EAE: 1 g sample was mixed with 75 mL of distilled water in a 250 mL beaker. Then, cellulase enzyme was added. The mixture was placed into a water bath for different times at the required temperature. After finishing the extraction process, the enzyme was inactivated at 90 °C for 5 min and filtered. The filtrate was collected, made up to 100 mL and used for determining the antioxidant activity.
CE:
Another sample was extracted in the same optimal conditions of the EAE without enzyme and used as the control sample for the comparison.
Experimental design: primary trials of EAE were carried out with enzyme concentration (0.5, 1.0, 1.5, 2.0 and 2.5 % v/w dry mass -DM), temperature (40, 50, 60 and 70 o C), time (30, 60, 90, 120 and 150 minutes) and pH (4, 5, 6 and 7) to choose the suitable values for central points in optimal experiment. A four independent variables, three -level central composite face response surface design (RSM -CCF) was used to optimize these factors. A second -order polynomial model was used to describe the capacity of antioxidant activity. After evaluating the model and collecting the estimates of the optimal points, the final optimum values were determined by experiments.
Analytical methods
The antioxidant activity of the extract which was determined by the reduction of the ABTS radical cations by antioxidants present in the extract was described by Re et al. [8] . The percentage inhibition of absorbance at 734 nm was calculated and plotted as a function of concentration of antioxidants and Trolox for the standard reference data. The overall relationship between concentration and absorbance was described by a straight line with the equation y = 32.37x + 1.1808 (R 2 = 0.998). The results were expressed as mM TEAC/g DM.
All experiments were carried out in triplicate; results were expressed as mean ± SD and analyzed by Statgraphics Centurion XV.I. The optimal extraction conditions were estimated though RSM using Modde 5.0 software.
RESULTS AND DISCUSSION
Single -factorexperiments
Effectsofenzyme concentration
Enzyme concentration is an important parameter that can influence the extraction efficiency. In this study, enzyme concentrations were performed at 0.5, 1.0, 1.5, 2.0 and 2.5 % v/w when the other reaction conditions were as follows: extraction time 90 minutes, extraction temperature 50 °C and pH 5.0. The results are illustrated in Fig. 1 , the antioxidant activity is highest at cellulase concentration of 1.5 % (0.101 ± 0.005 mM TEAC/g DM) and significantly different from the others. The lower concentrations were not enough to extract all antioxidants; but the higher concentrations (from 2.0 to 2.5 %) did not increase the antioxidant activity of the extracts. Therefore, the enzyme concentration of 1.5 % was the most favorable.
Effects of different extraction temperatures
Extraction temperature would influence the molecular movement because heat could accelerate dissolution of antioxidant compounds. In addition, temperature effects strongly on the activity of the enzyme. However, when the temperature rises to a certain ambit, the enzymes will be denatured and inactivated because of protein nature of enzyme. In this experiment, different temperatures (40, 50, 60, and 70 °C) were chosen to study theeffects on antioxidant activity of the extract. The data was illustrated in Fig.2 , the suitable temperature for extraction was 50 o C.
Effects of extraction time
The antioxidant activity of extraction at different extraction times is shown in Fig. 3 . When the extraction time increased, the yield of antioxidant compounds would also increase, hence, the antioxidant activity of the extracts is higher and reaches the maximum values between 90 and 120 minutes. After that, there is a light decrease because antioxidant compounds are sensitive to high temperature for a long time. In the other hand, this decrease might be possibly caused by the loss of enzyme activity. The difference in antioxidant activity of extract between 90 and 120 minutes is not significant. As a result, we concluded that 90 minutes were suitable time to extract antioxidant compounds from white radish powder.
Effects of pH
During enzymatic treatment, the pH values were varied from 4 to 7 to investigate its effect on antioxidant activity of the extract. The results in Fig. 4 declare that antioxidant activity is highest at pH = 5. Therefore, we chose this value for the further experiments.
Optimization EAE parameters by RSM-CCF
In our research, RSM -CCF was used to optimize 4 factors: temperature extraction (X 1 ), time extraction (X 2 ), pH (X 3 ) and enzyme concentration(X 4 ), 3 replicate runs at center points. All the response values obtained from the 27 run experiments are presented in Table 1 .
Multiple regression analysis was applied on the experiment data, where Y was the antioxidant activity (mM TEAC/g DM). The results had R 2 = 0.9095, Q 2 = 0.6138, and difference between R 2 and Q 2 was less than 0.3, hence the model can be considered acceptable [9] . pH range. When we increase or decrease pH value, enzymatic structure is altered and can lead to irreversible denaturation. If the extraction temperature were increased, the enzyme would be inactive. The optimum conditions for extracting antioxidant compounds from white radish were: enzyme concentration of 1.75 % (v/w), extraction time 81 minutes, extraction temperature 48 o C and pH 4.56, the antioxidant capacity was obtained 0.1609 mM TEAC/g DM. Using these parameters in real experiments, we determined the real antioxidant capacity was 0.1594 ± 0.033 mMTEAC/g DM, the difference was less than 5 %. All of these indicated that the quadratic model was in good agreement with the experimental results. Fig. 5 illustrated the graphs of the response surface given by Optimizer tools of Modde 5.0 from the regression equation.
Comparison of UAE with CE
The antioxidant activity of the extract from white radish in using EAE with optimal conditions was 0.1594 ± 0.033 mM TEAC/g DM. This value was 161 % higher than that of CE that was treated at similar conditions (incubation temperature 48 o C, pH 4.56 and extraction time 81 minutes) without enzyme treatment. This result affirmed efficiency of EAE to collect bioactive compounds. Our results are similar to some previously published papers, confirming the effectiveness of the EAE in improving the efficient retrieval of bioactive compounds [5, 6] .
SEM analysis showed a rupture on the surfaces of CE sample compared to EAE one (Fig.  6 ). In EAE, cellulase had been used particularly for the treatment of sample prior to extraction. It disrupted the structural integrity of the plant cell wall and hydrolyzed cell wall components, thereby increasing cell wall permeability, which results in higher extraction yields of bioactive [7] . 
CONCLUSION
In this study, the optimal conditions of EAE to extract antioxidant compounds from white radish powder were based on RSM -CCF design. Under optimal extraction conditions: enzyme concentration of 1.75 % (v/w), extraction time 81 minutes, extraction temperature 48 o C and pH 4.56), the highest antioxidant activity was 0.1594 ± 0.033 (mM TEAC/g). The results showed that EAE is more effective to extract the antioxidant compounds from white radish powder. In addition, the other conclusion of this study is that white radish can be considered as a good source of antioxidant compounds.
